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Abstract 

Tints  paper  d escribes  the  development  and  Impact 
of  new  visual  I  y-coupied  system  (VCS)  equipment 
designed  to  support  engineering  and  Human  factors 
research  In  the  military  aircraft  cockpit  environment* 
VCS  represents  an  advanced  man-machlnc  interface 
(MMl).  Its  poiei-ulat  to  Improve  aircrew  situational 
awareness  seems  enormous,  but  its  superiority  over 
the  conventional  cockpit  MMI  has  not  been  established 
In  a  conclusive  and  rigorous  fashion*  What  lias  been 
missing  is  a  'systems  approach  to  technology 
advancement  that  Is  comprehensive  enough  to 
produce  conclusive  results  concern  fug  Lhe  operational 
viability  of  the  VCS  concept  and  verify  any  risk  factors 
that  might  be  involved  with  its  general  use  in  the 
cockpit.  The  advanced  VCS  configuration  described 
here,  has  been  rugged] zed  for  use  in  military  airciafL 
environments  and  was  dubbed  the  Virtual  Panoramic 
Display  (VPD),  it  was  designed  to  answer  the  VC5 
portion  of  the  systems'  problem*  and  Is  Implemented 
as  a  modular  system  whose  performance  can  be 
tailored  to  specific  application  requirements,  The 
overall  sysLem  concept  and  the  design  of  the  two  most 
Important  electronic  subsystems  that  support  lhe 
helmet-mounted  components,,  a  new  militarised 
version  of  Lhe  magnetic  helmet  mounted  sight  and 
correspond  in  gly  similar  helmet  display  electronics,  arc 
discussed  in  detail,  Significant  emphasis  Is  given  Lo 
Illustrating  how  particular  design  features  in  the 
hardware  Improve  overall  system  performance  and 
support  research  activities, 

Introduction 

The  last  sin  years  of  advanced  military  equipment 
development  activity*  and  particularly  the  last  four, 
have  been  marked  by  a  renewed  Interest  In  the 
application  of  visually  coupled  system  (VC3) 
technology  to  the  military  aircraft  cockpit.  Mot  .since 
the  early  to  mid  1970s  has  the  activity  level  been  So 
Intense  for  militarized  versions  of  this  technology,, 
nucii  of  the  renewed  developmental  activity  has. 
rightly,  concentrated  upon  Lhe  tie] met  mounted  display 
portion  of  the  VCS.  This  fact  is  demonstrated  by  new 
helmet  mounted  displays  (HMDs)  from  such 
manufacturers  as  Hughes  Aircraft,  Kaiser  Electronics, 
GEC.  and  Honeywell,  and  from  DQD  activities  like  Lhe 
Army  iri  Helicopter  Program,  the  Air  Force  F-16  Might 
ALtack  Program,,  and  the  joint  Mavy-Alr  Force  INIQlitS 
Program.  The  emphasis  on  HMD  design,  particularly  Its 
size  and  weight.  Is  because  they  have  been  a  major 
performance-limiting  factor  to  the  widespread  safe  use 


or  the  technology  In  ejection  seat  aircraft,  however, 
the  successful  integration  of  VCS  technology  into  the 
cockpit  Includes  the  solution  to  a  number  of  utilization 
and  performance  problems  that  cross  the  boundaries 
of  many  technical  disciplines  (see  references 
SO  1 ,02,07}]. 

It  can  be  argued  ibaL.  in  Emmy  instances,  a  fbesL' 
approach  to  cither  investigating  or  solving  VC 5 
performance  and  utilization  issues.  Is  to  have  at  hand 
state-of-the-art  (SOA)  hardware  that  has  the  required 
'programmability  to  support  engineering  and  human 
factors  research  and  also  Lhe  rugged  ness  to  be 
operated  in  the  Ima!  intended  environment.  In  this 
case  the  military  aircraft  cockpit,  Until  the  advent  ol 
the  VFD  development  program,  this  type  of  hardware, 
representing  SO  A.  dedicated  Instrumentation  specific 
to  the  VCS  technology  area,  had  been  missing.  This 
paper  Investigates  some  recent  development  activities 
at  the  Armstrong  Aerospace  Ned  tea  I  Research 
Laboratory  ( AANRL)  Involving  Lhe  VCS  electronics  that 
directly  support  the  helmet  mounted  components.  The 
discussion  covers  lhe  rationale  surrounding  their 
primary  operational  characteristics  and  their  Impact 
on  Lhe  current  state  of  vCs  technology - 

A  1  Research- Oriented"  Visually  Coupled  System 

Figure  1  depicts  one  variation  or  a  VCS  system,  the 
Virtual  Panoramic  Display  {VFD),  This  system  Is 
designed  primarily  to  support  VCS  whose  helmet- 
mounted  displays  (MM Ds)  use  miniature  cathode-ray- 
lube  <CKT)  Image  sources.  The  VFD  provides  the  baste 
helmet  tracking  and  display  presentation  capabilities. 
It  also  supplies  the  configuration  programmability, 
interface  flexibility,  and  self-conUilned  data  collection 
needed  lo  support  advanced  research  activities. 

The  display  subsystem  of  the  VFD,  the  HMD,  may 
include  either  one  CRT  Image  source  and  one  or  two 
optical  channels,  providing  a  monocuiar/blocular 
display  presentation,  or  2  CRTs  with  dual  independent 
optical  channels  making  possible  a  true  binocular 
presentation.  The  visual  fields  may  be  either  fulty  or 
partially  overlapped,  and  may  be  aligned,  using 
programmable  electronics,  permitting,  if  desired,  the 
presentation  of  stereoscopic  Images,  The  CRTs, 
employing,  in  most  cases,  narrow-band  emission 
phosphors,  may  be  any  of  the  standard  bipotentiai 
electron  lens  designs  commonly  available.  Or  be  of  an 
advanced  design  including  additional  grid  control 
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Block  Diagram  of  Generic  VCS  System  Hardware 


elements,  The  CRTS  arc  Interfaced  la  specially- 
designed  analog  helmet-mounted  display  electronics 
(AiiMD£)  which"  tailor  the  displayed  Information  to 
the  requirements  of  both  the  HMD  optics  and  CRT.  A 
major  thrust  or  current  visual  display  research  for  the 
military  cockpit  assumes  that  mission  equipment 
package  [MEPf  data  and  sensor-yen erated  information 
must  be  fused'.  In  part  visually,  in  some  optimal 
manner  on  the  NMD  to  help  improve  the  pitot's 
mcment-to-momeni  situation  awareness.  Thus,  the 
\td  ahmdi:  has  been  designed  to  support  a  range  of 
anticipated  video  input-  combinations  for  sensor- 
generated  and  computer-yen  crated  visual  Information 
that  can  be  displayed  simultaneously  On  the  CRT. 

Much  of  the  displayed  information  must  be 
changed  and/or  updated,  based  upon  the  pitots 
instantaneous  llne-of-slght  {UO-5)  and  helmet  position 
within  the  cockpit.  To  support  this  function,  an  AC 
magnetic  helmet  mounted  sight  tMHMSJ  Is  Included  to 
provide  both  helmet  attitude  and  position  vectors,  The 
newer  version  of  the  MUMS  used  for  this  VCS 
configuration  can  be  programmed  to  compensate  for 
certain  environments!  disturbances  to  which  it  is 

susceptible, 

To  promote  ease  of  programming  and  transition  tc- 
and-from  ground-based  and  airborne  research 
environments,  a  combination  of  Digital  Equipment 
Corporation  Q-Rus  and  urilfrUS  processors  and 
Motorola  GtlOOCi  family  VMC  processors  have  been 


employed  as  both  imbedded  and  stand-alone 
processors.  To  facilitate  data  transfer  beyond  the 
limitations  oF  the  military  1S53B  data  bus,  a  variety  of 
high  speed  interfaces  including  a  multi-port  shared 
memory  (MFt>Ml.  which  exists  in  both  laboratory  and 
militarized  form,  were  developed.  The  MPSM  allows  up 
to  ten  DEC  or  VME-based  processors  to  simultaneously 
perform  parallel  read  and  write  operations  between 
each  other.  To  facilitate  noii-volaliEe  memory  storage, 
militarized  hard  disks  are  available  for  the  DliC- based 
processors  and  CKPROM  for  the  VMObased  processors. 
This  architecture  iosters  ease  of  expansion  when 
acid  It  Iona  E  processing  power  is  needed,  and  permits 
additional  enhancements,  such  ns  auditory  localization 
and  physiological  test  battery  monitoring,  to  be  added 
Lo  the  baste  VCS,  as  needed  and  available. 

The  shaded  area  of  Figure  I  represents  the  core 
components  or  the  VC3  electronics  subsystem  for  most 
near-term  VCS  configurations-  This  paper  will  focus 
the  remainder  of  the  discussion  on  Just  the  portion  of 
Lhe  shaded  region  that  Includes  the  At  EM  DC  and 
MUMS,  emphasizing  advancements  that  facilitate  not 
only  hardware  performance,  but  also  Improve  or 
facilitate  Lhe  VCS  Interface  and  research  activities. 
Some  discussion  In  a  similar  vein  relating  to  the 
helmet  mounted  display  components  can  be  found  In 
101,031, 
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The  HeEmet  noun  If  d  Display  Elcclronks  The  Key 
to  Mi  rH.il  li  re  CRT  Perform  a  nee"1 

When  (he  VTD  (level upment  prugr-am  was  begun 
ItiuTe  wes  no  general  purpose  helmet  mounted  display 
display  electronics  UlMPE)  capable  of  operating 
different  types  of  HMDs  wllh  Inputs  from  a  variety  of 
display  Input  sources.  The  problem  was  further 
exacerbated  by  the  ongoing  performance 
improvements  in  miniature  CRTS,  which  at  Chat  tlmer 
available  off-the-shelf  display  electronics  could  rioL 
support.  There  were  also  a  number  of  deficiencies 
relating  to  now  disparate  video  images  were  processed 
and  combined  for  display  on  the  HMD.  The  initial 
approach  attempted  a  comprehensive  al]-diy.ltFii 
update  of  not  only  the  display  electronics  functions 
but  also  graphics  proposing  and  image  processing 
functions,  that  were  felt  to  be  necessary  to  support  the 
complete  visual-interface  concept  Tor  a  large  or 
medium  POV  virtual  head-mounted  panoramic  display. 
When  this  proved  too  ambitious  for  available  program 
resources,  development  work  was  refocused  to 
concentrate  upnn  Jp.st  the  badly  needed  primary 
display  electronics  improvements.  Among  the  more 
important  of  these  were; 

1)  Allow  the  display  electronics  to  optimize  each 
CRTs  grid  control  voltages  for  best  performance,  and 
store  these  parameters  In  local  memory  Tor  instant 
recall  If  a  CRT  change  had  to  be  made, 

2)  Permit  complete  system  setup  and  adjustment, 
including  HMD  alignment  pattern  generation,  and 
allow  this  to  be  accomplished  from  (he  cochpil 
without  Lhe  need  iu  pub  boxes,  adjust  potentiometers, 
etc.. 

Provide  sufficient  deflection,  video,  and  nigh 
voltage  power  to  support  the  latest  advancement  In 
miniature  CRT  technology, 

4>  Provide  the  best,  possible  video  and  de Flection 
signal  quality  because  of  Its  more  noticeable  visual 
errect  under  the  magnification  of  the  CKT  formal  by 
the  HMD  optical  system, 

5)  Provide  two  separate  video  channels  fnr 
binocular  ii Mns.  accepting  two  raster  and  one  stroke 
video  Input  to  support  all  but  the  most  sophisticated 
VC-5  applications, 

6)  Provide  automated  system  Input  flexibility  to 
permit  the  use  of  raster  image  sensors  having  a  wide 
range  of  line  rales,  and  allow  the  interna]  raster 
generator  to  be  synchronized  to  extern al  video  raster 
sources,  and 

7)  Accept  the  HMS  signals  directly,  to  provide  the 
right  combination  of  raster  Imagery  rotation  and 
translation  for  a  specific.  HMD  design  at  the  refresh 
rate  of  the  HMD  electronics. 

To  appreciate  the  significance  of  the  new  AHMDE 
design.  One  must  unde  rata  nd  how  the  above  features 
and  functions  contribute  to  VC$  performance.  To 
accomplish  Lhis,  the  design  of  the  aHmjje  display 
electronics  must  be  described  In  the  context  of  the 
performance  requirements  placed  upon  it  by  the  HMD 
optical  system  and  CRT  Image  source. 


Serious  use  of  the  HMD  dictates  that  El  be 
considered  an  application  specific  animal,  indeed, 
many  applications  of  VCS  technology  have  resulted  in 
less  than  desirable  outcomes  because  off-the-shelf 
HMD  systems  were  utilized  Instead  of  a  design 
intended  specifically  for  a  given  application,  Thu  most 
tjenernl  example  of  an  HMD  application  is  one 
Involving  a  particular  aircraft  and  sensor  suite  whose 
Field. of-dew  and  resolution  performance  are  already 
defined,  normally.  It  is  desirable  to  match  the  TOV  of 
the  HMD  to  that  of  the  primary  sensor,  because  this 
places  the  least  demand  on  image  source 
performance,  allowing  the  best  contrast.  Luminance 
and  resolution  conditions  tq  he  obtained  from  the  CRT, 
Jt  also  permits  a  l:  I  ratio  to  be  set  between  the  display 
and  see-through  Image.  Tor  a  mare  completion 
discussion  uf  these  Interface  Issues,  set  reference 
[02],  The  next  step  in  the  integration  sequence  Is  to 
insure  that  the  display  electronics  can  adequately 
tallqr  the  CRT  display  fOmitiL  characteristics  to  support 
the  given  application.  The  AHMDE  represents  the  flrsl 
time  that  a  militarized  VCS  display  electronics  has 
been  designed  from  'scratch'  to  provide  the  type  oF 
system  integration  tailoring  that  is  required. 


The  AHMDL:  'Designing  and  Building  a  Belter 
Display  electronics  Mousetrap' 

Figure  2  depicts  the  basic  VFD  AHMUE 
components.  The.  heart  of  die  system  is  the  system 
electronics  unit  (SEU).  This  bps  contains  all  of  the 
power  supplies  and  computerized  parameter  control 
and  signal  proc esslng  circuitry  necessary  to  support  a 
wide  Fange  of  separate  signal  Inputs  from  stroke  and 
raster  video  signal  source  Inputs  for  two  miniature 
CRTs  and  tailor  those  signals  for  proper  output  tq  most 
types  of  miniature  CRTs  now  available  or  being 
developed. 

The  display  head  electronics  (DHEsj  contain  the 
final  video  and  deflection  amplification  circuitry, 
m  in  Future  militarized  hlyfvvollage  power  supplies,  and 
s  microprocessor  tq  set  voltage  levels,  .gain,  offset,  etc. 
for  each  particular  CRT's  optimum  performance 
characteristics.  The  deflection  amplifier  employs  high- 
performance  power  TETs  In  a  Class-A  amplifier 
a  r  range  men  L  |o  maximize  UhCariLy  and  repeatability  of 
pixel  placement  or  the  CRT.  The  video  amplifier 
employs  a  low  noise,  low  output  Impedance  design  no 
riainialn  signal  bandwidth  while  driving  a  6  to  fl  foot 
helmet  cable  (hot  may  exhibit  considerable  distributed 
capacitance.  There  are  two  separate  DUES  to  permit 
more  flexibility  in  Eht  use  uF  each  video  channel,  Such 
u  configuration  allows  crillCF  One  binocular  HMD  or  two 
separate  b locular  or  monocular  HMDs  Lo  be  operated 
with  one  AHMDF:  Sr.U,  To  maximize  power  dissipation 
for  even  the  most  demanding  experimental  operating 
conditions  and  minimize  Dlit;  size,  liquid  caqlijig  of 
the  DHE-s  idistiiicd  water  o.r  an  appropriately 
conditioned  liquid,  if  freezing  temperatures  are 
expected)  is  employed. 

The  requirement  for  liquid  cooling  necessitated  the 
addition  or  a  cooling  unit  ^CU)  bus  that  Incorporates  a 
militarized  pump,  heat  exchanger,  and  the  regulated 
voltages  for  the  high  voltaqe  power  supplies  located  in 
the  ones. 
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A  simple  control  panel  [CP|  that  Incorporates  nlght- 
v  I  s  Ion  -goggte-compati  ble  electroluminescent  lighting 
allows  nd[P5trncnt  oF  either  CRTs  stroke  and  raster 
video  limn  I  nance  and  contrast-  The  CP  also  su  relies 
Lhe  system  interface  for  a  unique  setup  control  pane] 
using  a  menu  driven  software  Interface  that  allows  the 
experimenter  or  technician  to  adjust,  all  critical  system 
parameters,  Including  ttnD'CRT  electronic  alignment 
and  CRT  replacement,  without  removing  the 
equipment  from  the  simulator  or  flight  test  aircraft, 

The  AMMDE  SEU 

figure  3  depicts  a  simplified  block  diagram  of 
AttMDE.  SEU  [Unctions.  The  AtlMOIt  SWJ  contains  the 
bulk  pF  the  electron Lc  signal  processing  circuitry  to 
permit  the  AH  TIDE'S  raw  signal  processing 
performance  and  programmable  features  to  be 
tailored  for  maximum  benefit.  The  AtiMDE  SEU 
contains  three  primary  signal  processing  groupings 
organised  as  digital  and  analog  subsystems. 


Digital  Subsystem 

The  digital  subsystem  is  comprised  of  the 
embedded  VMr,  processor  and  associated  digital  cards 
that  implement  data  processing  and  transfer  between 
external  and  Internal  destinations,  Acting  as  the  rota  I 
point  for  ttie  AHMDE's  extensive  HMD  video  processing 
functions  is  a  militarized  60020  VMG  CPU  and 
processor  board  set,  These  boards  store  and  execute 
the  runtime  cade.  From  a  mixture  of  EPROM,  EftfftOM,, 
and  SRAM  memory. 


Tn  order  to  support  large.,  multiprocessor 
applications,  an  associated  shared  memory  board 
provides  parallel  address  and  data  transfer  for  VME 
and  Digital  Equipment  Q22  or  Unlbus  based 
computers.  A  15S3B  serial  interface  for 
communication  through  the  standard  military  Aircraft 
digital  bus  and  several  ftS-422  serial  digital  links  are 
also  provided,  However,  the  proper  use  of  ail  these 
external  communication  options  requires  the 
development  of  special  software  for  application- 
dependent  I/O  drive  routines  lo  pass  application- 
specific  parameters  From  the  aircraft  or  simulator  bus 
to  the  AMMDE, 

The  ah  M  DC's  internal  memory  also  permits  storing 
setup  parameters  for  a  number  of  HMDs  and  more 
than  100  different  miniature  CRTS..  This  allows  the 
system  lo  be  adjusted  for  a  variety  of  lest 
configurations  within  a  minimal  time  period.  The 
AMMDE  SEU.  upon  receiving  the  appropriate 
commands  horn  either  the  cockpit  or  setup  CP,  selects 
the  correct  HMD  alignment  pattern n  from  memory  and 
moves  the  pattern  data  Lo  the  internal  left  and  right  bit- 
plane  boards.  These  alignment  patterns  are  normally 
configured  for  a  specific  HMD,  and  musL  be 
preprogrammed  Into  the  AMMDE S  EROM  memory.  The 
ULbplane  memory  can  also  be  used  for  the  dynamic 
portrayal  of  simple  space-s  La  billed  head-up  display 
ihUD]  formats,  if  a  particular  VCS  application  dots  not 
have  graphics  processor  electronics  available.  Again, 
as  for  the  communication  interfaces,  the  proper 
application -depend cut  software  routines  must  be 
present  to  correlate  Line  dynamics  of  such  data  with  a 
particular  symbol  or  alphanumeric  character. 
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A4.Atrofl«x  86020  Memory  Board! 

A3-Aeroflen  VME  Bus/1553B  Interface  Board] 

jA2-Aaroflex  VME  66020/68881  CPU  Board  j 

jAI-PNS  022- lo-VME  Translator  Board) 
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FIGURE  3 

Slillpllncd  DllgNIrt  Of  Major  AIIMLtC  Si.  I"  funCLlonv 


Attala#  Subitem;  Vlttco  riQ»iiiiig 

TJIC  AUMDEa  analog  Video  processing  section 

implumeisl.5  j  numbur  Of  Important  functions  for  the 
JIML)  visual  r nvlrtmmenl.  The  nnrni.nl  jp-iln  ,m rl  level 
^Ofltrott  have  teen  ex  ponded  to  separately 
accommodate  two  eternal  raster  sources,  raslci  video 
from  the  Iniemal  bit  plane  Imacte  stentr-aLor,  and  one 
slroKc  video  source. 

FU»stci  I  lice  nnure  3]  is  designated  the  master 
roster  and  the  Internal  bit  ptanc  video  Is  synchronized 
to  IL.  ,m  i:.v-  iin.t  it  Lo>  be  viewed  separately,  windowed, 
spLIl’Screened,  or  added  Into  Lhe  caster  1  Lntafle, 
Although  originally  Intended  ,ls  a  vni  tlMflll  funr.linn 
i he  AHM|t&  does  not  digitally  sample  Incoming  video 
sad  perform  sraa  conversions.  Therefore.  video  on  the 
raster  2  Input  must  be  ha  frame  synchronization  *C5| 
with  raster  i  if  only  rs,  but  nor  line  synch  tortlzalfon 
i  LSi  is  prase  nL  for  raster  I  and  2,  then  Hiey  may  be 
displayed  in  .i  vertical  splItrfftrtBrt  presentation-  |f  both 
rnsLnr  t  unit  2  Inpiil*  have  the;  same  fS  and  t-S_  a 
portion  of  roster  7,  m;iy  pc  inset  Iwlndowedi  Into  n  user 
programmable  portion  of  raster  L. 

The  AHHPt  video  processor  also  supports  a 
number  of  more  subUc  TcgulremcnLs  associated  with 
Vt'Jj  tlMti  iippircmloes  F^vch  All  PILE  video  channel  Is 
designed  to  provide  -geometric  Shading  and  circular 
blanking  tos  received  from  the  -defied,! i:ri  limbing 
subsystem}.  These  FpncUoni  compensate  for  video  iuid 
o  pi  kid  effects  »»<toled  with.  biirocu-l  nr  I  kilts 
(particularly  ihosc  lhat  are  parti ally  overlapped].  They 
slso  support  (he  often- prosed  L  need  to  overst-an  Lhe 
CRT  raster  in  the  honronmi  direction  to  provide  the 
itiTSIcsl  CM  Taster  format  possible  Tor  a  given  size  CRT, 
operated  at  a  spccinc  aspect  ratio  isee  ieforence  102  p. 

Mo rvy  or  today's  high  fesoLutioji.  high  Irrmln.-uirr 
miniature  CRTS  OTteri  Cahibil  cliMlInl  n'>n‘ me.irlles  In 
the  lumlnari-ce  gray  shade  pmfltes  This  condition  Is 
usuafly  nmsi  rvat£cublo  with  the  brightest  gray  jJiadcs, 


To  allow  iIlc  CRT  luminance  function  to  be  corrected 
Lr>  a  more  linear  .um  d^airabta  Luminance.  function, 
|iingr.iTm!.Ll];i;  {j.usimn  correction  has  been  Fiji  hided. 

Analog  5> stem:  Prncclinn  Frw«tlnfi 

The  special  requirements  of  the  VCS  video 
environment  have  as  muclt  Impact  on  the  video 
dcllcctlon  system,  perhaps  more  so,  as  tUey  do  for  the 
video  signal  functions.  To  support  the  video  Input 
oplJons,  each  deflection  channel  incorporates  tw« 
separate  mulLl-ratc  raster  generators.  These  permit 
swIIcbFng  bcihccn  raster  sources  having  dll  Fere  at 
rates.  When  changing  between  rates,  tlte  AHMDEs 
Sweep  generators  eliminate  yizt;  jjJjiislmeiUS  wllh 
automatic  size  control, 

V’C  5  applications  often  require  that  I  he  Imagery 
displayed  or  si  e  1IMD  be  stabilized  wild  respect  to  n 
coordinate  frame  other  than  rhe  heed  us  the  head  Is 
moving  about  the  compll  Or  Crew  Gallon,  Uepemtlng 
opCri  the  HMD  tijnfigu  no  lyn  (see  reference  I&3J5. 
proper  stfi&llkyilinfi  :r quires  rirhe.r  u  pure  njrartrjn  or  a 
comb  I  null  on  pr  a  Towtipn  and  transfalJorv  or  Ih-e  display 
Imagery  as  the  hcodyhclmel  moves.  The  Head  tracking 
signals  needed  lg  puifomi  LJie  cakulatlonj  for  the 
Imagery  stabilization  ore  obtained  Lh rough  a  tiigh 

sj^eed  .scrlfll  bus  eonneerud  bfitwcoh  thv:  Ah  Mur  pnri  a 

helmet  orientation  and  position  irnchlwi  sysLcm  sucfi 
as  the  VF’i>  MUMS  ftus  shown  in  npisre  I).  The  AtSKDE 
suppoits  this  requirement  onty  for  raster  based 
Imagery.  Stroke  imagery  must  be  rousted  -.mil 
translated  Ut  its  shrine. 

As  explained  In  detail  In  reference  [-02],  the  CftT  is 
&  Tangent  jlbetaj  mapped  system,  while  most  tiMhs 
obtain  maximum  dptktt]  performance  .mis  minimum 
wclghl  using  T(theia|  nuipped  opMCot  designs.  Spccinc 
OpIlCal  designs,  wheiher  thej  iuc  m-oriDCLilar  or 
b-inocular.  m.ny  hove  other  types  of  disiortFon  Lha*  muit 
be  compcnsalcd  Tor  by  nonlinear  mapping  of  the  CW 
Image.  PlnalEy,  tite  CAT.  itself,  may  have  Intn-mol 
distortion  rcqulr[r*a  emTectfen  due  1o  the  IntcriKtion  oi 
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FIGURE  3 

Simplified  Diagram  Of  Major  AHMDE  SEU  Functions 


the  deflection  yoke,  elrrtmrt  gun  and  e-befitn.  Given 
the  magnitude  and  types  of  rfis)  o  rl  iqn  rui-soclnfert  wilh 
HMDs,  cven-tirelCr  tOm pCAsatiOn.  up  to  fourth  order 
terms,  would  be  desirable,  However,  signal-tu- noise 
considerations  In  the  A t EM [> E  elecLronics  effectively 
limit  the  geometric  correction  to  third  order  terms, 
Thug  approximations  must  sometimes  he  made  lor  a 
qlven  optical  system,  but  the  correction  obtained  Is 
usually  sufficient  in  subjective  terms  relating  to  viewer 
com  Fort,  tr  nui  in  terms  OF  absolute  measurements. 

A.  larger  CRT  imn^e  require  (CSS  m^gnlflc^l Ion  by 
the  OpUti,  Since  the  exit  pupil  diameter  for  the  HMD  is 
the  relay  tens  [more  properly,  objective  lenst  effective 
aperture  divided  by  mbyhificaiiDn,,  the  relay  lens  can 
have  a  smaller  diameter,  E.e„  a  higher  f-number.  This 
makes  It  smaller,  lighter,  less  expensive,  and, 
possibly,  of  hlqher  optical  quality.  To  reduce  the 
required  optics  magnification  anti  therefore  working 
f- number  Of  the  HMD  optics,  the  Image  is  usually 
overscan  tied  irt  the  horizontal  direction  to  enlarge  the 
vertical  height  of  the  display  Format  for  a  given  aspect 
ratio.  If  this  requirement  and  any  rotations  or 
translations  force  the  scanned  area  to  move  off  the 
phosphor  qualify  area  of  the  CRT,  the  AtlMDE. 
deflection  circuitry  in  corpora  lea  circular  Plan  Ring  to 
extinguish  the  beam  as  It  moves  off  the  predeterm Inert 
limits  of  the  phosphor- 

Takqn,  together,  the  AHMDE'6  designed  lnF 
functions  allow  It  to  drive  almost  any  type  of  HMD  npw 
available  or  planned,  .using  Inputs  Tram  most  stand  bird 
video  or  sltoKc  sources,  its  programmabtllty  allows 
ease  or  use  arm  repeatability  of  operating  conditions 
for  both  Hie  engineer  and  researcher.  An  itemized  list 
oF  basic  A II N DC  performance  Is  summarized  In  Table 

1.  A  more  complete  description  oF  the  AHMUPs 
physical  and  electronic  characteristics  car  be  found  Jn 
reference  EGfl]- 


Thc  Helmet  Mounted  Slfffit  Providing  a  More 
Complete  System  Concept' 

Despite  employing  AC  MIEMS  technology  that  has 
been  available  In  some  for™  for  20  years,  the  vftj 
MHMS  really  represents  A  more  notable  advancement 
In  VCS  technology  |han  does  the  AHMDE,  Many  critical 
pitot  activities  involve,  to  some  degree,  the  rapid 
acquisition  of  information,  the  accurate  and  fast 
positioning  of  display  symbology  depicting  system 
staLe,  and,  after  suitable  cognition  lime  on  the  pilot's 
part,  the  execution  of  one  or  more  aircraft  system  state 
changes.  If  the  man-machine  Interface  |MMl}  through 
which  this  Interaction  is  being  effected  Es  a  VC5,  then 
the  spatial  relation  ships  and  positional  accuracies  of 
Information  portrayed  nn  the  Httn,  „is  determined  by 
the  NM5  pGSiLiOri  and  OrienEalfon  [fitOl  Iradling  data, 
are  extremely  important.  Hot  only  must  the  quality  of 
hMS  attitude  and  position  Informal  Inn  meet  some 
known  and  repeatable  baseline  level  of  accuracy,  but 
it  is  Eitso  desirable  lo  enhance  the  VCSs  immunity  io 
environmental  disturbances  to  which  the  HMS  nr 
human  operator  are  susceptible  (at  least  in  a  'signat-to 
noise-sense-  to  a  threshold  near  or  slightly  beyond  the 
limLts  oF  system-aided  human  perception},  The 
magnetic  helmet  mounted  sight  (MUMS),  despite  the 
complexities  nf  correcting  for  electromagnetic: 
scattering,  is  s(11|  regarded  us  the  HMS  system  of 
choice  because  of  Its  rugged  small  transducers, 
immunity  to  other  types  of  environmental  problems 
associated  with  military  vehicles,  and  the  speed  anrt 
accuracy  of  the  sls-degree-of-ficedom  tGDOn 
orientation  and  position  data  that  the  MHMS  can 
provide. 

vi, Hen  the  vffj  development  program  was  begun, 
there  were  still  a  number  of  significant  deficiencies 
that  had  been  noted  concerning  ihe  operational 
characteristics  of  tile  AC  MHMS.  Among  Ihe  more 
important  of  these  werej 


TABLfr:  | 

Summary  of  lla$ic  AHMUf.  Rerfomia  ncc 


Hflm 

Parameter 

Performance 

Item  Pkimtltr 

Pertormance 

1 

Video  1  ne  rale* 

Any  tine  itii  io  65  kHz 
se&ft  riitt- 

£  Z-ax‘5  Pamtwidlh 

60  MHz  C-ddfij 
|62  MHz  (-4dB)| 

2 

On-ami  linearity 

Al  lewi  G25% 

£  CRT  grid  vbllapn  stability 

Anod# 

Rspplc 

a 

Spa:  motion  and  jitle? 

cUjOOOS' 

Bolter  lhan  OhSA* 

4 

Step  respites* 

Smalt  Signal 
(IQI*  ®sp lay  wnJlfi| 

<600  nsec  to  0.1  *Vfa  cd 
final  position 
|  R.ae  i  Tie  ■  016  nsec, 
Fall  time  *  570  nsec  to 

Reflulwloft 

Olker  control  vgllg5*5 

«ro=r,  oic.) 

R^PpIO 

Regulation 

Bolter  than  0,.£3t 

Bolter  than  OJGSAV 

Better  than  0.lAt 

Large  signal 
(1(K)fv  display  n  dm 

d.t'hi] 

<25  fiacc  lb  013*  ot 

7  Distortion  compensation 

fb  6id  order  with 
cross-product  lams 

fin.ll  pcsibon 

[Rise  linlo  2,3  psec, 

Fall  Urn*  ■  2S9  jksoc 

Id  0.1  %  al  4  6  amps 
peak-lb-pOakf 

□  Ocil  ny  l-nss, 

10-630  nsep  $  10 
nsec  steps 

[  |  Indicates  actual  measured  system  perform,  .rme 

i  I  Its  susceptibility  Lo  radiated  electromagnetic 
Interference  from  (he  head-mounted  miniature  cut 
magnetic  deflection  yokcis), 

2)  Limitation?  in  (he  melton  box  of  Lke  Helmut, 
sensor, 

31  Line-efSight  (LOS)  accuracies  lliai  were  not 
compatible  with  the  HUD  accuracies, 

41  Update  rates  [Hat  were  marginal  lor  some 
applications,  and  could  nol  usually  be  "synced"  to  a 
master  System  clock,  and 

5)  Its  Inability  10  Support  research  Into  blndynamic 
interference  suppression;. 

figure  4  depicts  the  system  concept,  organ Isatlon.  and 
primary  system  elements  or  me  new  VPli  mums. 

The  key  lo  improving  the  performance  of  ihe 
advanced  VP  14  MHFlS  system  in  its  new  position  and 
orientation  <PitO)  algorithms  developed  by  Green 
Mountain  Radio  Kesesrch  Company  tQMRK)  untie r 
AAMHLs  dlrccUon,  and  the  hardware  para] Eel- 


processor  architecture  developed  by  the  Kaiser 
J-lectronEcs  .Subsidiary.  Fblhemus,  Inc  (FI),  The  new 
algorithms  improve  system  tracking  accuracy  and 
permit  tlu>  effect  of  many  environmental  disturbances 
to  be  substantial ry  reduced.  The  primary  mo  track mg 
algorithm  is  a  minimum  vaiia nee  linear  estimator 
(MV Lb],  The  MVLil  makes  direct  use  of  the  magnetio- 
nicld  characteristics,  and  satisfies  riiree  objectives:  it) 
obtaining  a  least-squares  best  Ht  lo  Lite  measured 
magnetic  fields.  (2j  providing  minimum  expected 
mean-square  error  hi  ajarO,  and  15)  providing 
maximum-likelihood  FftO  estimates.  Under  conditions 
of  very  rapid  and  continuous  head  movements,  the 
?IVLE  algorithm  cannot  provide  convergence  to  an 
accurate  P&O  solution.  As  shown  in  Figure  4, 
"supervisory  software  checks  for  such  conditions, 
and.  When  detected,  Switches  the  FfVO  solution 
process  lo  a  nonlinear  estimator  <rtiJty  algorithm .  The 
liLE  makes  direct,  noniterative  estimates  of  FtfcO.  and. 
while  its  accuracy  Is  not  as  great  as  the  MV  lb,  its 
stability  is  absolute.  Thus  the  MVLE  and  MLL  are 
complementary.  Under  norm  pi  operating  conditions, 
(he  MVl-E  provides  the  most  accurate  FScO  estimates, 
while  the  MLL  ensures  correct  Initialisation  and 
recovery  from  very  large  and  continuous  Step  Inputs 
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FIGURE  V 

VFI>  nJlMS  System  Concept 


SETUP  CONTROL  PANEL 


MHMS  SYSTEM  ELECTRONICS  UNIT  (SEU) 


FIGURE  4 

VPD  WHIMS  System  Concept 


and  power  disruptions-  Signal  overmanning  entl  a 
"matched  filter  are  used  on  Lhc  front  end  Id  obtain  the 
needed  signaE-to-noise  ratio  tSNO  and  to  minimize 
head- maun  ted  CRT  interference.  The  hardware 
provides  (he  necessary  computational  power  and 
system  upgrade  flexibility,  Including  optional 
accelerometer  inputs.  This  flexibility  permits  adding 
tracking  filler  I  triple  mental  Ions  lo  ibe  Ml  IMS  outputs, 
whose  programmed  characteristics  allow  selective 
modification  of  Its  outputs,  based  upon  environmental 
disturbances  and  the  Operator's  tracking  inputs.  The 
primary  purpose  of  lhc  niterinq  is  to  improve  operator 
LOS  placemen l  accuracy  anti  lo  Improve  information 
extraction  from  the  HMD, 

The  "primary  update  rate  for  P&O  tracking,  of  a 
single  helmet  is  an  Impressive  240  Updates  per 
second  {UPS).  Figure  5  indicates  that  as  many  as  2 
observer  beads  and  4  hands  can  be  Independently 
Hacked  using  separate  yarO  sensors-  However,  this 
maximum  configuration  reduces  the  update  rule  to  60 
and  30  UTS  for  the  heads  and  hands,  respectively. 
Separate  update  cycles  me  needed  lO  first  sample  and 
Filler  the  raw  field  data,  and  then  determine  true  F#0 
estimates,  This  reduces  the  dais  throughput  rate  io  at 
least  halF  of  the  maximum  update  rate,  as  shown  In 
Figure  5.  the  Mil  IMS  can  be  'synched’  to  an  external 
source  or  clock.  This  feature  can  be  important  for 
applications  Involving  computer-generated  Imagery 
where  obtaining  equal  update  rates  of  head  FiirQ  Is 


desirable  for  the  display  of  moving  objects  nn  the 
H M 15 .  A  set-up  control  panel  (SC FI  can  also  be 
Interfaced  directly  to  Ihe  each  pit  Side  of  the  cockpit 
control  panel  iccp).  The  sCr  allows  built-in  test 
functions  lo  be  accessed  and  system  parameters 
modified  w  I  thou  l  removing  Hie  system  from  the 
aircraft, 

The  MUMS  system  Is  compiemented  by  a 
programmable,  semi-automated  mapping  fixture 
which,  during  ihe  cockpit  mapping  and  compensation 
process,  is  connected  lo  the  actual  MUMS  system  that 
wltl  be  Installed  in  the  cockpit,  The  mappers 
computer  shares  data  with  the  MUMS  processor 
hardware.  Using  a  predetermined  system  error  budget, 
the  mapper  system  gathers  preliminary  raw  magnetic 
field  data  based  upon  a  completely  quantitative 
process  for  allocation  of  the  field  mapping  data  points, 
Thus,  the  density  of  Lhe  sampled  cockpit  lield  data  is 
com  rolled  by  solutions  derived  dire  oily  from 
computations  involving  the  actual  MtiMS  hardware  and 
MVLtvnLC  algorithms,  a  similar  approach  3s  used  for 
mapping  the  magnet Lc  field  conditions  Induced  by 
helmet-m qu nl q d  sc^ttererx,  with  respect  to  Lheir  fixed 
relationship  to  the  helrncL-moiiiiLcd  Sc/iSOr,  and.  then, 
computing  the  needed  field  compensation 
coeffiricnls.  Taken  together,  this  ndwr  Systems 
approach  to  the  NKMS  provides  superior  trucking 
accuracy  and  comp lu men ts  the  overall  qualkv  Of  (he 
VCS  MM I. 


SYSTEM  SYSTEM  REACTANCE 

CONTROL  ELECTRONICS  TUNING 

SENSORS  PANELS  UNIT  UNITS  SOURCES 


FIGURE  5 

V TIJ  MHMS  Component  Block  Diagram 


mums  iFcri»rii].incfi  TediiiniQiiv  and  Research- 
Based  Kcqulrcmcnth' 


At  uk  beginning  oi  Hie  vtl>  NMM5  program,  a  set 
of  performance  goals  was  formulated  based  upon  a 
program  malic  rcqulrcm-eni  to  demonstrate  useful 
technology  advancement  and,  also,  |h f  need  lo 
support  research  In  oprral tonal  aircraft  environments. 
The  most  important  of  these  werq: 

1.  Enlarge  sensor  motion  box  lo  provide  reliable 
coverage  of  head  and  hand  position  and  orientation 
throughout  the  cockpit  volume. 

2.  Improve  s’! ci 1 1 l  accuracy  to  levels  approaching  tbal 
of  the  El  UP  (I  to  3  mill  ir  ad  tans]  Lo  support  most 
weapon  system  Interface  functions, 

i-  Improve  update  rate  and  throughput  rale  (0  support 
auditory  localisation,  els  well  as  visual  subsystem  d.iLi 
requirements, 

A.  Fro  Vide  Et  system  capable  Of  investigating 
techniques  and  equipment  that  enhances  system  unit 
human  operator  immunity  lo  external  disturbances, 
ill  us,  allowing  the  Improvement  of  modification  of 
VOS  signal  processing  functions,  and 

b,  Implement  a  system  supporting  research  oriented 
activities  that  could  be  used  in  both  ground-based  and 
airborne  environments. 

System  Concept  Kasls:  "LitaUtisbmq  System  Error 

crlittlif 

Once  system  requirements  were  set  down,  ii 
quickly  became  apparent  that  a  new  approach  to  the 
.'liL'iS  software  find  hardware  was  required.  For  the 
hardware,  it  was  necessary  to  develop  an  allot  da  bie 
militarized  archiiccturc  that  was  flexible  and  offered 
high  compulation  nl  rates,  1'or  the  algorithms,  whose 
characteristics  would  largely  determine  overall 
pc  rform  Emeu ,  a  joint  pToqnam  with  GNKK  wa*  initiated 
to  identify  how  the  dahi  in  the  MUMS  fields  could  be 
used  lo  compute  FflfO  with  minimum  error,  and 
identify  factors  that  limited  the  compuLEStiona!  process 
isee  references  104,05]},  For  the  Mil  MS  system, 
allocation  of  a  to  Lai  system  error  budget  was  made 
early,  and  a  concerted  effort  was  made  to  meet  IL. 
particularly  because  of  the  parallel  development 
process  used  in  the  program. 

The  system  error  budget  and  design  equations  are 
based  upon  two  basic  concepts:  til  expected  mean- 
square  measurement  error  iEMSME)  is  convertible  into 
an  expected  mean-square  estimation  erro/  lE'iMSEi:) 
t  lira  ugh  n  scale  factor  and  (21  EMSMfc  Is  expressible  as 
the  root  mean  square  ;RMS)  of  (lie  various  error 
Sources.  Reference  [05]  Contains  -a  more  complete 
development  a&  lo  how  this  error  perfurmiincc  was 
determined, 

Improving  MUMS  System  Accuracy:  "Static"  and 
'Dynamic" 

The  desired  error  performance  is  demanding  and 
exceeds  the  performance  of  Lhe  standard  12-btt  MM  MS 
systems  now  available.  The  Hey  factors  helping  the 
new  system  to  meet  this  ambitious  goal  are; 


I  Improved  MUMS  algorithms  that  embody  Eissociatcd 
analysis  explicitly  defining  and  characterizing  system 
error  sources, 

2.  An  integrated  and  automated  mapping  fixture,  and 

,y,  MIENS  hardware  that  includes  special  front-end 
digital  signal  processing  hardware,  improved  update 
rate  and  resol miion,  and  a  slightly  larger  source 
[radiator  or  transmitter)  sine. 

An  adequate  system  solution  has  required  a  more 
1  Lee  Ei  n  leal  ly -complete  approach  to  the  MJdttS 
development.  As  a  result  of  me  easly  and  in-depth 
application  or  applied  mathematics,  Lire  minimum 
variance  linear  estimator  (MV Lit)  algorithm  was 
evolved  and  has  become  a  hey  element  for  Improved 
MHM5  performance.  The  MVLE  has  two  especially 
desirable  properties  when  used  with  a  magnetic  KSO 
tracking  system  |(Hj:  [lift  provides  the  most  eiccuieilc 
eslimales  from  noisy  measurements  ami  i2)  rather 
than  assume  a  free  spell;  c  condition  that  must  be 
corrected,  as  other  M1SMS  algorithms  have  done,  it 
makes  direct  use  o!  the  manned iqdiqid  characteristics 
eil  the  sensor.  It  is  the  second  property  of  producing  a 
correct  estimate  directly  rrom  the  megne  tic-field 
conditions  that  allows  the  MEtMS  sensor  to  he  tracked 
more  accurately,  even  down  iu  conducting  metal 
surfaces.  The  algorithm  design  ulso  enhances  (he 
mcoriHjration  of  moveable  scatierer  compensation  tfoi 
the  head  mounted  CRTs!  into  me  piirmiry  PflcO 
algorithm  Oversampling  or  the  ME  [M5  Signals  and  a 
mat r h c Ll.fl | Um  Optimise  rtice  prion  nl  (he  sejidiJte  ,imi 
simultaneous  three-axis  winding  signal  excitation 
frequencies.  The  matched-filter  can  also  provide 
attenuation  of  the  radiated  CRT  dcrtE'.r.iion  noise  at  the 
line  rate  frequency  lor  the  HMD  raster  imagery,  The 
matched-llLter  Implementation  is  essential  to  ensuring 
that  .m  -70  tils  signal /noise  rnlio  l$HR}  for  worst  case 
conditions  is  met.  The  is  also  Improved  by  a 
Slightly  larger  source,  true  14-hiL  resolution  of  Hie 
magnetic  fields,  and  distance-minted  gain  changes  In 
the  radiated  E-field  strength.  A  whole  host  of  signal 
processing  refinements,  beyond  the  scope  of  this 
paper,  arc  used  lo  improve  FflrQ  ticking 
performance.  Including  compensation  for  finite 
transducer  size  effects,  seat-movement  compensation, 
Eind  reductions  in  the  buildup  oi  com  pu  tat  Ion &l  errors, 
Because  the  MVLE  tracks  inere mental  changes  In  the 
magnetic  iields.  a  higher  update  rale  improve.-,  Us 
stability.  The  operation  of  the  MVLE  ii  signnl- 
rie-peniient.  ii  can  remain  stable  lor  large  step  inputs 
of  several  hundred  degrees/second,  ir  followed  by 
rel ei Lively  sialic  fietd  changes  or  If  led  continuous 
incremental  inputs  per  Update  Cycle  that  Change  by  no 
more  than  about  one  to  iwo  degrees.  Given  the  new 
MUMS  s  update  rate  (up  to  240  Updales/secorid),  the 
MVLE  can  remain  stable  for  head  movement  laics  of 
h  Lind  reds  of  degrees  per  second.  However,  the 
performance  boundary  is  made  Tuzzy  because  of  Its 
dependence  on  changes  between  incremental  updates 
that  are  determined  by  head  movement  and  system 
configuration-dependent  update  rates,  Therefore,  as 
Figure  4  shows,  the  software  includes  a  supervisory 
process  which  switches  the  MKMS  FSrO  solution  to  a 
MLE  whenever  stable  solution  criteria  are  not  met.  A 
sample  of  simulated  MVLE  tracking  performance  is 
presented  tn  Figures  6a  and  6b.  The  figures  clearly 
show  that  the  presence  of  fixed  seal  Lexers  affects  the 
minimum  error  Hint  can  be  obtained,  but  ilie  error 
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lioor  (0-0001  radons  01  0.34  arc  minutes!  meets  Che 
system  error  requirements  listed  In  Table  2. 

Table  2  a  Esq  depicts  important  VPf>  MlrM$ 
performance  parameters  Including  the  expected  static 
accuracy  nf  the  new  system  when  tile  automated 
napping  fixture  is  used  to  determine  the  allocation  of 
field  measurement  points  from  which  the  necessary 
system  compensation  coefficients  are  computed. 


MUMS  Integration  issues 

PSO  Update  Rate  and  Resolution 

The  Implications  of  the  new  MUMS  performance  ror 
the  VCS  are  Important  for  both  operational  and  test 
applications-  Integration  issues  are  also  more  subtle 
snd  dependent  on  the  characteristics  Of  the  MUMS 
technology  than  the  AMrfDfc,  which  generally  adheres 
to  standard  video  practices-  The  new  system 
algorithms  and  hardware  fm prove  sialic  accuracy  to  an 
estimated  I  or  2  mllllradlans  within  the  -MUD  eiqk'  (± 
50“  in  aifmuth  and  elevation),  and  Lo  about  4-G 
miSilradians  throughout  the  entire  sensor  motion  box. 
Accuracy  Is  also  quiintrfiEid  better  by  the  Interactive 
mapping  fixture  design,  which  Is  an  important 
improvement  for  research  oriented  activities. 
Resolution  has  also  been  Improved  lu  better  than  0.4 
iniUiradians.  Resolution  can  be  a  significant  parameter 
for  Mead 'driven  display  presentations  where  small 
head  movements  can  be  detected  on  the  HMD 
presen  La  tlnn  under  conditions  of  high  apparent 
magnification,  1 2-bit  k&0  tracking  systems  have  been 
observed  to  cause  undesirable  and  detectable  discieie 
Jumps  In  Lhe  location  or  the  display  Imagery  on  the 
HMD  during  small  head  rnovcmcnis.  lAmlL  systems 
jicem  to  provide  enough  additional  resolution  Lo  make 
this  artifact  virtually  undetectable.  There  are  Lrad coifs 
associated  with  the  improved  performance,  Achieving 
the  added  SriK  needed  to  attain  an  honest  14-bit 
system  requires  a  larger  source.  Tine  larger  sources 
measure  L2S  Inches  to  1,5  Inches  square  and  weigh 
between  7.5  and  S  ounces-  The  ideal  mounting 
location  In  fighter  aircraft  is  nn  Lhe  cochpit  canopy 
behind  the  pilot.  The  larger  and  heavier  MJ1MS  source 
may  be  Loo  heavy  for  mounting  In  some  cockpit 
canopies  (o.g.  the  M6l  because  birdstrike  Induced 
mechanical  canopy  waves  are  more  prone  to  cause 
canopy  failure  with  the  heavier  MftM5  source  mounted 
In  them. 

Most  MltMS  system  PArO  algorithms  require  aL  I  cost 
two  update  cycles  to  obtain  good  convergence  Lo 
accurate  measured  dynamic  head  location  outputs. 
The  new  fill  MS  is  no  exception,  as  Tigure  fi  data 
indicates.  The  higher  update  rate  reduces  Lhe 
Convergence  latency  problem  down  to  manageable 
levels.  It  also  aids  the  through puL  delay  problems  lor 
computcr-gcne rated  imagery  systems  which  must 
place  l heir  Imagery  on  the  ttMQ  according  to  lhe  MUMS 
P&O  updates,  ror  applications,  such  as  auditory 
localization,  even  higher  update  rates  may  be  desired, 
because  the  ear  can  follow  position  update  latencies 
in  sound  field  vectors  of  less  than  one  millisecond,  a 
higher  update  rate  also  aids  one  area  of  M h M ft 
performance  that  is  particularly  hard  lo  quantify: 
system  dynamic  accuracy.  The  problem  with  this 
requirement  is  its  measure  merit,  Fast  development 
efforts  that  have  investigated  this  problem  have 
rcsuitEd  In  budgetary  estimates  of  3  lo  4  hundred 
thousand  dollars  io  produce  an  adequate  test  fixture. 
This  is  an  amount  i hat  meager  development  budgets 
irave  not  been  able  to  handle  with  competing 
commitments  of  greater  overall  Import,  Perhaps  a 
good  alternative  for  Lhe  HfiS  Is  the  achievement  of 
higher  update  rates  which  reduce  the  latency  between 
the  measured  and  real  head  position  and  orienlatiqn 
and,  thus,  inherently  Improve  sysLcm  dynamic 
accuracy 
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TABtE  2 

Summary  of  basic  mums  Performance 


Mlih 

Parameter 

Perlormence 

lie  m 

PimmoicT 

Perlormance 

1 

Antpalsr  coverage 

Ajimuth 

Elgval  (Jr, 

Roll 

tiena 

1  90* 
iieo11 

Stalk:  IraT  slalianal  accuracy 

X.  V.  and  Z 

Sb2'  plus  m  Pi 
siparaion  distance 
between  source  and 

2 

Normal  cochpit  moton  dck 
coverage  {can  be  essentially 
the  physical  limits  gl  the  cockpit) 

X  fi  rectify 

V  ciracTiftf. 

Z  dlrecton 

Seitser 

±21“ 

ns* 

±  e- 

& 

Resolution 

Angular 

Tran&l  atonal 

**CMi22* 

BeiiSr  lhan  &0S" 

7 

Ropealabiirly 

Twice  MAAlutlon  limits 

3 

Slatic  angular  aeegra^y  [li-io- 
ori-sighl  (LOS)  error  lor  induced 

MS) 

angular  coverage  of  iTO"  in 
azimulhEalavajian  a^a  ^OCP  roll] 
S0%  circular  error  (CE) 

Wfc  C£ 

<  0.2  *  (2-  3  mill-  radians) 
<CL4*  (&-?  miilnadlens) 

a 

UpdJMO  rilSHi) 

a]  MHM$  with  UMklng 

fljgornhms 

b)  Two>cockpij  Oporahon 

240  updalasrsec  (Ll/S) 
IZQ  iUj'S) 

< 

Slade  angular  accuracy  (Vor 
MiujiiiSKisj  Biiilod  In  1  above] 
504*  CE 

994*  CE 

(4-5  miiiiradiens] 
*05*  (0-9  bnllkadiiansl 

r-j  Wuh  virtual  hand  comraber 
t  headfi  tond 

1  hMdf2  hands 

2  headed -4  hands 

|2O/|2]0  Ur'S 

120/60  U/S 

ED, '30  U/S 

System  Hcsicju  and  (he  Dpcraling  UnvEromncnl: 
Improving  Pilot  Confidence  Ln  VC5 


Using  a  tie  I  met  oiicntaiion  and  pojftclnn  irackln  g 
system  Id  direct  weapons  ,13 Id  pliiCc/stabJlize  Imagery 
Oil  Erte  HMD,  mnkcj;  consistent  System  FflfQ  outputs  a 
necessity.  Obtaining  F&O  tracking  CQiliiStUncy  fnr  the 
HUMS  Involves  two  major  system  Integration  issues, 

The  first  is  where  Hie  pELoE  must  Or  might  place  his 
helmet  during  any  mission  eventuality.  For  most  VC$ 
applications,  it  is  desirabLe  to  nave  the  entire  head 
movement  range  under  which  functional  display 
presentations  nre  Lo  be  m  iii  n  t  ained,  covered  by  norm n I 
MUMS  operation-  This  viewpoint  Is  often  confirmed  by 
experience  with  test  pilots  and  the  feedback  that  they 
provide  concerning  their  experiences  with  VCS.  This 
circumstance  can  occur  In  many  present  MrtM-S 
systems  when  , radiator-sensor  range  is  exceeded  or 
unusunl  [? Hot  head  attitudes  occur  during  mission 
activities,  which  place  l he  helmet  mounted  sensor  near 
eleeiricaiiy  conductive  sur races.  Such  artifacts  are 
deemed  lo  be  unacceptable  by  most  operational 
personnel  with  extensive  VCS  experience.  As 
mentioned,  the  cockpit  mapping  and  system 
compensation  approach  employs  an  automated 
mapping  fixture,  The  computerized  control  iilletface 
between  i lie  mapper  and  MHM$  system  and  Its 
algorithms  permits  precise  sam pllny  of  the  cockpit 
electromagnetic  field  environment  in  ascertain  that  the 
desired  error  performance,  cockpit  environment,  the 
system  software,  and  operational  helmet  configuration 
are  adequate.  Until  the  development  of  the  new  mums, 
movement  of  the  helmet  sensor  very  near  to 
conducting  surfaces  could  produce  wildly  jumping 
display  imagery.  An  undesirable  soiuUdrt  to  such 
problems  has  been  to  freeze  U>5  signals  at  their  Iasi 
known  ■good  Reid'  condition,  but  the  HMD  Imagery  as 
positioned  by  Lhc  NM5  will  not  reflect  true  p&o.  The. 


new  MI1M 5  algorithms  now  permit  the  sunsor  K&O  to 
ha  tracked  down  to  conducting  metal  surfaces  and 
permiL  the  graceful  degradation  o-f  system  accuracy 
and  resolution  to  13-bits,  12-bjls.  etc.  for  conditions 
where  the  maximum  full  resolution  source-sensor 
range  is  exceeded.  Therefore,  a  anone  slrlngenl  sensor 
l  racking  require  merit  that  favors  retlaMHly  of  the 
MtiMiveontrolied  placement  of  the  tt?u>  scene  contents 
does  not  row  tmfjiy  a  new,  high  risk  development 
effort.  It  does  imply,  however,  a  greater  a l local  Ion  oT 
Computational  power  to  the  MHMS  function  than  is 
offered  by  other  available  variations  of  the  M n m S , 
militarized  or  commercial. 

Tht  second  major  infegrsilon  issue  is  the  spatial 
reltUlonships  of  both  the  other  helmet  components 
{especially  those  Lhat  can  distort  or  alten-uatfi  ibe  MfiMS 
magnetic  Held)  and  the  MUMS  source  itransmlller)  with 
respect  lo  the  helmet  sensor  location,  The  major,  put 
not  necessarily  the  only,  significant  helmet- mourned 
scattener  is  the  CUT,  rigurc  7  Illustrates  the  nominal 
location  volumes  of  the  helmet  mounted  CRTs  for  the 
usual  Dirt-ocular  and  monoeu  lar/bioeuiar  HMD 
COfliigu  rations  with  respect  lo  I  he  MUMS  sensor.  The 
Ideal  mounting  location  for  the  MUMS  Is  on  the  crown 
of  the  helmet,  En  part,  because  this  locaiion  Is 
distanced  from  many  sources  of  Inierfercnce,  and 
because  me  ideal  location  for  lhc  MUMS  source  is  to 
the.  rear  pf  the  pilots  head  in  the  cockpl!  canopy  or 
above  the  seat  bath.  CitT  locations  I  and  2,  shown  In 
figure  7,  Can  be  particularly  bothersome  In  reliable 
MUMS  ope  ml  Jon  for  head  aE  lit  tides  that  Er  etude  a 
directed  1.05  toward  the  side  or  rear  of  Lhc  aircraft 
with  positive  elevation  angles,  VCS  Integration 
planning  should  give  consideration  to  such 
relationships  and  the  ireideolfs  they  imply.  In  so  dninq, 
an  attempt  should  be.  made  lo  place  the  sensor  on  the 
helmet  and  Lhc  tnuism liter  In  the  cockpit  at  positions 
where  obscuration  of  the  transmitters  signal  (by  a 
helmet  r.KT.  etc-!  due  to  head  movement  Is  unlikely  or 
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Impossible.  Dynamic  com  [sensation  For  the  movement 
of  the  head  mounted  CKTCsl  may  be  critical  in  overall 
.system  tracking  perform  since,  especially  sr  two  CRTs 
are  used  or  the  mounting  geometries  nr  the  CKT(si  arid 
sensor  cannot  have  optimum  locations,.  A  lop-mounted 
CRT  centered  on  the  crown  ol  the  flight  helmet  for 
biocular  HMD  dc sign s  often  poses  the  mosL  serious 
problem. 

One  former  approach  in  compensating,  for  dynamic 
sealterers  was  to  characterize  the  secondary  field  of 
(he  moveable  scatlerer  and  compensate  for  its  effects 
us  In?)  e  dipole  or  multi-dipole  model..  This  technique 
tins  not  worked  well,  because  the  dipole  locations  are 
noi  readily  determined  and  their  scattering  parameters 
depend  on  the  number  of  dipoles  used  (quickly 
raising  computational  overhead)  and  an  accurate 
knowledge  of  the  location  of  each  dipole.  Recent 
experience  with  an  alternate  approach  [DS]  that 
characterises  the  scattered,  field  as  a  sum  of  (he 
rmilUpote  fields  appears  to  have  produced  superior 
results  in  laboratory  testing,  in  1  h i s  technique,  the 
mitlilpole  moments  are  linearly  related  to  the  primary 
magnetic,  field  and  its  gradients  by  a  set  of  scattering 
coefficients  that  are  readily  determined  from  sets  of 
scattered-field  measurements  by  linear-coefficient 
filling  techniques. 

The  effect  Of  lixud  and  dynamic  seattercrS  on 
mi  MS  operation  Is  important  enough  in  the  design  and 
Integration  of  VC 3  that  a  short  discussion  of  basic 
considerations  is  appropriate,  An  initial  assessment  of 


the  MHMS  environment  helps  reduce  potential 
problems  during  final  system  integration  tjy  noting  a 
few  geometric  relationships  and  lire  worst-case 
conditions  for  MHMS  Held  distortion  caused  by  fixed 
and  helmet-mounted  moveable  scallercrs,  rigure  tt 
depicts  the  wring-ease  situation  lot  a  fixed  scniiemr  in 
relation  to  the  lransmlller(soLi  reel-receiver  (sensor} 
d  is  lance.  This  occurs  when  the  sensor  Is  directly 
below  1  he  source.  Since  amplitude  for  the  MUMS  quasi- 
static  field  is  proportional  Lo  the  Inverse  cube  ol 
distance,  foe  worst  case  distortion  ratio  (l»  is  given  by 

equation  (3)  where  ’p‘  represents  distance.  Using  (l) 

and  a  ratio  of  5,5  lor  p^/p]P  one  computes  a  distortion 

raLio  of  i/(ll  -  IJ3  -  O.Cfol  or  0,1  percent,  A  ratio  of 
~l.Wl  would  produce  a  distortion  ratio  of  l  percent. 

d  -  tf>p)5/<2p?-p,j3  -  mzp^/p,  -  n5  m 

UJhe-re:  p3  -  zp^-p^ 

Worh  performed  during  the  development  of  Itie 
VPD  MHMS  Sl  AAMRL  and  GMEtK  and  documented  in 
[051  helped  to  characterise  the  Held  distortion  due  to 
the  presence  of  several  types  of  simply-shaped 
dynamic  neatterers.  These  Include  spheres  and  prolate 
spheroids  whtch  resemble  the  shape  of  the  normal 
cylindrical  CRT.  (for  the  moveable  scattered  the  ratio 

between  scalterer-fo-sensor-dlsfonce  (p>  And  scalteter 
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size  (  X  S  becomes  the  dominant  relationship  fpr 
computing  the  distortion  ratio,  ror  the  inverse  cube 
relationship  we  now  get  the  retat  tonsil  Ip  shown  in 
equation  2.  As  shown  for  the  spherical  scattercr  In 

D  =  (  L  /  p'  )3  (21 

Figure  0,  the  distortion  contours  are  simply  spheres 
centered  about  the  scattering,  sphere,  ror  example,  in 

Figure  9,  a  length  of  -V.64  £  (where  L  =  radius  of  the 
scattering,  sphere)  produces  a  distortion  ratio  of  I 
percent.  As  compared  to  a  sphere  with  radius  of  £r,  p 
prolate  spheroid  with  semiaxls  of  £3  <*■  Lf  and  £2  11  As 
=  Cs.2  £r  representing  about  the  eccentricity  of  the 
HMD  car,  produces  maximum  scattering  no  worse 
than  ahuut  twice  that  of  the  sphere,  The  point  being 


Contours  ftcar  A  Conducting  Sphere 


made  Is,  that  the  tie  I  met  systum  design  greatly  nffccls 
the  method  and  complexity  of  the  required  dynamic 
compensation  process  In  the  mm  ms.  rr  ihc  iimd  design 
permits  a  lower  mourning  location  Tor  the  CRTs,  as 
shown  for  location  3,  in  Figure  7,  then  the.  Mil  MS 
sensoi  may  h t  placed  at  or  near  ihe  top  of  the  helmet, 
Located  in  ibis  manner,  ihe  CRT  scaitererfsi  have  3 
much  reduced  probability  of  blocking  the  MUMS  signal 
during  head  movement.  The  minimum 
scatlcrejyfcensor  distance  ratio  will  also  be  retailvely 
large.  A  blocular  design,  as  mentioned  earlier,  moy, 
with  most  preferred  sensor  mounting  locations, 
provide  an  Increased  opportunity  for  the  scaitercr  to 
block  the  source's  signal  to  the  sensor.  Alternately, 
placing  the  MUMS  sensor  on  top  of  the  helmet  near  the 
CRT  static  re  r  to  prevent  signal  blockage  by  the 
scatterer  will  significantly  reduce  (in  a  negallve 
manner)  the  scat terer-lo-sensor-di stance  to  scantier 
size  ratio. 

It  Is  also  wise,  and  usually  necessary,  to  bribed 
some  son  or  capability  Into  the  Ml  IMS  lo  overcome 
sLlualions  where  the  HMD  CRTs  will  completely  block 
the  signal  lo  Ihe  receiver  until  an  unobstructed  ilne-of- 
sight  (L.OSl  can  be  reestablished  with  the  transnilLler, 
The  only  good  alternative  is  usually  to  hold  the  MT1MS 
P&O  oulpuL  data  aL  the  last  good  field  data  point  until 
radiated  field  conditions  return  to  acceptable  levers. 

MHmS  system  signal  properties  arc  also  influenced 
sign  incanity  by  the  material  composition  and  structure 
Of  the  overall  VCS  design.  Of  greatest  concern  arc 
materials  which,  because  of  their  physical  properties, 
severely  attenuate  or  distort  the  primary  magnetic 
fields,  ror  example,  conducting  metal  on  ihe  helmet, 
per  se,  does  not  significantly  degrade  the 
no  compensated  performance  of  the  MUMS,  Rather 
large  conducing  surfaces,  structures  that  allow 
magncllc  field  induced  current  Loops  to  form,  and 
ferromagnetic  mate  rials  are  the  major  confrluutois  to 
reduced  performance  (i.e,  greater  system  error),  in 
particular,  the  VCS  system  integrator  should  examine 
tt?  subcontractors  production  techniques  to  ensure 
thaL  unexpected  problem  sources  will  not  be  present, 
one  significant  problem  involved  aluminum 
shimming  rings  for  the  HMD  relay  lens  elements  which 
were  discovered  to  be  causing  severe  dynamic 
scattering  of  the  MhlNS  fields  that  was  hard  to 
compensate  to  obtain  satisfactory  error  performance, 
The  Solution  was  to  place  3  notch  in  each  ring  to 
preveni  formation  of  current  loops  bind  secondary 
magnetic  fields.  Thus,  an  Improved  system  design,  as 
represented  by  the  VPD  MM  MS,  and  thoughtful 
Integration  can  complement  each  other  lo  produce  a 
more  reliable  pilot-centered  or  operator-centured 
system. 

Optimizing  Sight  and  Display  Utilization 

Ln  this  authors  opinion,  optimization  is  always  a 
relative  concept  ■  for  one  usually  docs  the  best  Hint 
can  be  done  at  a  given  time  with  available  resources. 
Among  the  VCS  optimization  issues  that  have  resisted 
a  major  Improvement  are  the  degradation  of  HMD 
performance  caused  by  aircraft  vibration  transmitted 
to  the  hesd/hetmet,  and  the  effects  of  system  F&Q 
delays  or  head  movement  artifacts  on  operator  LQ$ 
tracking.  LOS  tracking  can  be  furLhcr  divided  into 
perhaps  at  least  seven  categories  or  modes,  which  may 


have  differing  I m plemc n  La  Lion  s  For  optimal  tracking, 
fitter  solutions.  A  possible  set  is: 

1 1  Folnlma  ial  a  static  target), 

2,1  Tracking  (a  dislant  moving  target), 

33  Close  Tracking  (target  moving  close  to  an 
ubserveri, 

41  Nandoff  i  Of  L05  from  one  observer  to  another  EOr 
any  mode  l  -3L 

5-)  Searching  '.for  a  new  target), 

6)  Transition  {between  one  LOS  and  another),  art d 

7]  Wandering  ino  specific  i-0 Si  objective). 

Both  aircraft  vibration  and  system  induced  LOS 
transport  delays  for  display  symbology  positioning,  can 
severely  degrade  the  operators  ability  to  extract  and/or 
use  information  presented  on  the  HMD.  As  shown  In 
Figure  4.  the  MUMS  electronics  unit  contains  four 
imbedded  processor  boards.  One  of  these  processor 
boards  wa^  intended  for  use  in  aiding  the  Investigation 
of  the  bi adynamic  Interference  suppression  {vibration) 
anti  LOS  tracking  Issues.  Figure  5  depicts 
accelerometer  inputs  dial  enn  be  used  us  an  ojdiotii  for 
receiving  direct  Inputs  of  head  and  aircraft  vibration. 
The  use  of  accelerometer  Inputs  can  provide  Improved 
stabilization  of  the  HMD  image,  and  needs  furl  hot 
E nve si i nj.rU iort.  Often,  however,  systems  utilizing, 
accelerometer  inputs  exclusively  perrorm  poorly 
during  large  roldllons  of  (he  head.  Stabilisation  of  the 
LOS  signals,  as  derived  From  the  MUMS  F&O  updates, 
using  adapllvc  filtering,  Is  also  possible,  The 
eliectl vencss  nr  such  Stabilization  may  be  reduced, 
though,  by  the  possible  relatively  large  phase  errors 
thiii  can  occur  In  attempting  to  stabilize  over  a  5- He 
bandwidth  with  samples  taken  at  30  or  t-O  Hz.  The 
improved  update  rate  of  Hie  VFD  meiim$  and  the  use  of 
Kill  man  Niters  or  complementary  filters  tactually  a 
Form  Ol  Kalman  littering;!  thal  combine  measure  me  nLS 
of  head  FtfcO  with  accelerometer  outputs  may 
overcome  these  difficulties.  The  VFD  HUMS  provides 
not  only  Llic  capability  to  ran  such  algorithms,  as  they 
could  be  run  In  any  computer  simulation  environment, 
but  also  the  capability  to  test  them  In  relation  to 
operator  performance  in  the  actual  airborne 
environment. 

The  programmable  flexibility  of  the  VPO  MHMS  also 
allows  me  "hcnefils  of  advanced  CUelrtg  modes  lu  be 
Implemented  and  studied.  One  example  is  coordinate 
Intersection  cueing  (CLC).  In  a  CIC  mode,  physical 
cockpit  switches,  nr  switches  imaged  onto  a  panel 
mounted  display,  are  referenced  to  the  MI1M3  sources 
coordinate  system.  Utilizing  the  &  DOF  measurements 
of  the  MHMS.  the  location  of  these  switches  Is 
constantly  recomputed  by  the  MMM5,  .allowing  no- 
ha nds-n ceded  LOS  activation  by  the  pilot  with  his 
mums  LOS  reticle.  This  mode  effectively  duplicates  a 
portion  of  the  oculometer  i unction  without  the  need  to 
add  this  hardware  to  the  helmet. 

Nummary 

The  VCS  MMI  represents  a  sign  I  fleam  departure 
from  the  standard  cockpit  MM!  in  use  Loday.  The 
development  3|>p roach  for  the  major  VPD  systems 
comprising  tile  VCS  MMI,  Should,  If  prop-crly  utilized, 
aid  the  transition  m  this  advanced  cockpit  intcrFa.ee, 
Tor  both  the  AHMDE  and  MHMS,  the  ClOsed-Loop  system 
Implement m Ion  for  Installation  and  operation  should 
aid  both  the  researcher  and  m?  nu  Facto  re  r.  The 


benefits  for  research  personnel  would  be  extremely 
reliable  rial  a  describing  the  accuracy  of  the  VCS 
Implementation  and  very  flexible  airbdrne-£|  ua  1 1  fled 
test  ErtStru  me  filat  Lon.  The  result  for  a  potential 
manufacturer  should  be  bettor  a  priori  knowledge 
concerning  interface  and  production  issues.  For 
example,  a  calibration  process  that  Is  reliable  and 
accurate  enough  to  guarantee  that  the  mapping 
process  for  pne  cockpit  can  apply  in  a  tabor  savings 
mariner  to  like  configured  cockpits,  thus  permitting 
the  mapping  OF  one  cockpit  to  suffice  For  an  entire 
block  of  similar  aircraft.  Whether  this  system  approach 
meets  expectations  remains  for  lire  delivery  of  the 
production  systems  in  I -915 1  and  O tit-year  iCsLing  and 
experience  Lo  confirm. 
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